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ABSTRACT 

Material characteristics and welding parameters play a very important role in determining the quality of the weld and 
weld bead. Different welding processes are used with the aim of obtaining a best welding joint with the desired input 
parameters, good mechanical properties with minimum defects. An approach is presented in this paper which deals with 
the welding parameters of current , feed, voltage and speed of the mechanism. The experimental setup shows the better 
combinations of these parameters for getting a sound weld. Among the various combinations, an optimal combination 
gives the weld joint a smooth and reliable look which is a better weld joint as compared to the strength of the base metal. 
For performing the welding, rack and pinion mechanism (RP) is incorporated for the movement of the welding tool. The 
process of movement of the welding arm is made semi automated by using this mechanism, which ensures slow and 
smooth movement of the welding rod fetching a sound welding joint. Metal Arc welding is used for performing the 
welding operation on MS Sheet. The investigation shows the impact of electrode angle on the leg dimension and welding 
bead. The investigation also shows that there is a small impact of leg dimensions on the melting efficiency. 
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INTRODUCTION 

Any welding operation has many undesired properties during its ongoing process. Metal Arc Welding is one of the 
welding process wherein unwanted side effects occur such as undercut, slag inclusions, incomplete fusion, spatter, 
cracks etc. In order to solve all such problems, a good welding design is required. Welding skill by a workman plays 
a vital role for obtaining a good weld joint. A small overview on these flaws and their remedies are discussed so as 
to ensure, all these defects are minimized to some extent in the present operation which is conducted in our 
workshop by using RP (Rack & Pinion mechanism), The mechanism is using a welding rod, taken at different 
angles and the leg dimension of the fillet weld is found out, by which the melting efficiency is calculated. The 
variation of a set of current with variation of electrode angle is experimented on the formation of weld bead width. 
Since the RP mechanism is semi automated, the travel speed is maintained constant for any welding operation. 

FLAWS AND REMEDIES 

The undercut [1] is an imperfection which forms a groove formation due to overheating when the welder uses either 
high welding current or fast travel speed. Since the machine is using a regulated speed and current, this problem will 
not occur. Since inception of oxygen leads to corrosion, electrodes are fluxed. Slag is trapped when two adjacent 
weld beads are deposited with inadequate overlap and a void is formed and thus entrapped slag is not melted. A 
smooth weld bead profile will remove the slag inclusions. This is achieved by a semi automated machine. Since this 
machine operation will give a smooth weld bead profile, incomplete penetration/fusion occurs due to poor adhesion 



TRANS 

STELLAR 

•Journal Publications • Research Consultancy 



www.tjyrc.ors 


SCOPUS Indexed Journal 


editor @tjprc. org 


Original Article 









1050 


Dr. K. Prasanna Lakshmi 


of weld bead to the base metal which does not start at the root of the weld groove. Since a regulated high welding current 
with appropriate voltage is used, this defect is minimized. While molten metal and filler material forms a molten pool, very 
high temperatures and volatility occurs in the welding zone. Due to arc forces, gas [pressures and magnetic forces, molten 
metal is liable to splash and these globules come in contact with the cold parent material and solidify and get stuck on the 
surface. This is called spatter. Lowering the amperage of the welding setup can reduce the spatter, which can be achieved 
in the present machine being used. If the welding arc is properly terminated and shrinkage is not restricted, cracking can be 
avoided. In the present set up, termination can be done properly so that the weld pool is not left unfilled at the ends and 
crack does not form there. But shrinkage restriction can be regulated only by proper usage of the materials, provided the 
temperatures are regulated properly [1]. The experimental setup ensures that the automation reduces the lacunae occurred 
due to manual handling of the electrode and the flow of the current is in controlled manner. A proper alignment of the 
electrode and electrode angle makes the weld with minimum defect. 

INFLUENCE OF WELDING PARAMETERS 

There are many such relations in welding parameters where it is either directly proportional or inversely proportional to 
various variables. Higher current results in deeper penetration, leading to waste of electrodes and undercutting. Changes in 
the arc length (controlled by the welder) will further change the amperage. Longer arc lengths reduce amperage. Lower 
Arc voltage results in narrow bead and higher travel speed leads to undercut. Therefore, an optimum value of both is taken 
in order to avoid narrow bead and undercutting [4]. 

Amperage 

How to determine the correct amperage [2] for a certain electrode will depend on the size and classification of the 
electrode. Even the type of joint and welding position must be considered. The process requires sufficient electric current 
to melt the both the electrode and a proper amount of base metal. The higher the current, the deeper the penetration. Using 
higher amperage may cause problems such as excessive spatter, electrode overheating and cracking. 

Arc Voltage 

The voltage of the arc [3] varies within narrower limits than the current of the welding. This influences the length and form 
of the bead. Low voltages make the bead wider and flatter. Extremely high voltage of the arc should be avoided as it may 
cause cracking. The low voltage of the arc produces a stiffer arc for better penetration. If the voltage is too low, it will 
result in a very narrow bead. 

Travel Speed 

The velocity moving by the electrode along the joint has a direct impact on the form of the bead, fusion thickness, aesthetic 
appearance and heat input into the base metal. Faster travel speeds [4] produce less penetrating beads. This can be a benefit for 
sheet metal welding where it requires small beads and low penetration. Travel speed also affects the input of heat, which in 
turn affects the weld metal's metallurgical structure. The heat-affected area will also increase in size and decreases the cooling 
rate. However, when speeds are too high, there is a tendency towards undercutting and porosity, as the weld freezes faster. 

Electrode Angle 

The electrode angle [5] plays a vital role at the point of impingement and is responsible for the weld bead profile. The electrode 
angle with bigger size will make high penetration. The electrode angle with lower size will make the welding incomplete due to 
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lack of proper penetration or fusion. However, for different types of welding positions, different electrode angles may be 
calculated. Welding can be carried out with the electrode wire leading, trailing and normal to the plate surface and the effects on 
weld shape, penetration and undercut. Welding with the electrode wire pointing forward, i.e. leading by 10 °, is standard for most 
applications in order to obtain the best combination of bead size, penetration and undercut resistance. 

There are many other factors which influence the welding characteristics, but investigation is done only on the 
variation of the above factors mentioned. 

DESIGN OF SEMI AUTOMATED MACHINE 


The model is designed for semi-automated operations that can result in reliability, better welding, and cost-effectiveness 
that restrict human intervention to loading and unloading, and device installation and off. The speed is varied and various 
welds are obtained while current flows in the electrodes at a particular voltage. For regulating the voltage and amperage, 
regulator power supply is used as shown in Figure 1. 



Figure 1: Regulated Power Supply Device. 


The speed of the electrode is decided by the movement of welding rod which is attached to the pinion. This pinion is 
attached to the motor. The speed extent (fast or slow) in which rod moves is dependent on the rpm of the motor. Since rpm is very 
less, high torque motor is required. The pinion is set up in such a way that the welding rod can be held at a desired angle at the 
pinion, and, as the pinion moves on the rack as shown in Figure 2, the electrode will also move with the same speed accordingly. 


The high torque motor and the pinion is set up in such a way, it can weigh the load of the welding rod. The pinion 
shaft is coupled to an electric motor for its drive. The motor is given power supply through RPS. The rotary motion of pinion 
which is fetched by the motor at desired rpm is converted to linear motion on the rack. The welding rod holder is attached to 
the static portion of the pinion which will give a linear motion to the welding rod. The rack is placed on an adjustable table. 
This is used for the purpose of getting different linear velocities of the rack by regulating the power supply through RPS. 
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A varied RPM of the motor shaft can be achieved thus getting different linear velocities. The supporting plates 
have been provided with two supporting bars, where one is fixed at its position and the other one is provided with long slot 
where it can slide from top to bottom fixing at various positions. The position of the second supporting bar decides the 
angle of the rack. 

RP MECHANISM 

This set up is semi automated, as the loading of the welding rod, setting the voltage and current, setting the welding rod at 
a desired position at an angle according to the placement of the plates to be welded, adjusting the table in the form of 
frame, all such operations are to be done manually. Thus, for the different combinations of angle of the welding rod and 
RPM of the motor shaft, we can achieve the wide range of weld velocities and feed rates. As we are changing the angle of 
the welding rod, there is requirement of adjustable table for maintaining the required distance between the electrode and 
the weldment. 

Although motor gives 10 RPM at 12V, but motor runs smoothly from 4V to 12V and gives wide range of 
RPM, and torque. Tables 1 depicts fairly good idea of the motor’s performance in terms of RPM and no load current 
as a function of voltage and stall torque, stall current as a function of voltage. With the adjusting table, we can vary 
the work piece height from the ground level so as to compensate the changes in the angle of rack [6] which makes the 
changes in distance of electrode from base level. This has been provided for supporting the whole rack and pinion 
and motor set up. There are two horizontal supports provided on the plates, one is fixed at its point and the other can 
be moved vertically up and down for achieving different angles of the rack, as per the requirement. The mechanism is 
shown in Figure 3. In this Figure, the Rack changes its position with respect to horizontal, so that one need not 
change the electrode. The holder holding the electrode which is attached to the frame has to bear the weight of the 
electrode. The electrode is likely to slip at various changes of the electrode angle. Therefore, the electrode is fixed to 
the frame and attached to the rack. Instead of changing the angle of the electrode, the rack will change its position 
such that the electrode angle position is satisfied. For the rack to change its position it is placed on an adjustable 
table, wherein the one end is fixed and the other end is movable. Depending upon the position an electrode vary its 
angle, the movable end of the rack is moved. The electrode is positioned across the plates to be welded at an 
appropriate distance. And once the electrode angle is fixed, then the motor gives the moment to the electrode holder, 
which is attached to the pinion, moves on the rack and the welding operation takes place. The movement of the 
welding rod is according to the RPM of the motor. Very low RPM, high torque motor is used to carry the operations. 
The movement of the electrode is completely automatic till the end of the welding. But, since other operations on this 
welding set up requires human intervention, it is named as semi automatic welding set up. The welding rod is flux 
coated so as to provide the shielding to the welding operation. The voltage and the current supplied to the welding 
rod are properly regulated using a power regulated supply device. The arc produced in the electrode rod will join the 
plates to be welded. 
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Figure 3: Rack & Pinion Mechanism for Movement of Electrode. 

PERFORMANCE CHARACTERISTICS OF WELDING PARAMETERS ON MS PLATE 

Performance is calculated using the Selection of base material and filler material: Base metal: Mild steel plate, Filler 
material/Electrode type: E6013 (Rutile potassium based flux coated mild steel electrode), Type of current: electrode 
positive (DCEP), diameter of electrode - 3.5 mm 

The welding joint is performed on the plates of thickness 4.98 mm and butt joint is formed, as shown in Figure 4. 

i v i 

Butt Joint 

Figure 4: Butt Joint. 

The following table shows the leg dimension of the Butt Joint, electrode angle being 45°, as shown below and the 
graphical representation of the same is shown in Figure 5. 

Table 1: Welding Electrode Angle 45°, Butt Joint 


S. No. 

Voltage 

Current 

RPM 

Time 

Flat Distance 
Leg (mm) 

Yield 

Strength 

1 

5 

20 

5 

18 

8.0 

61.15 

2 

6 

30 

6 

15 

8.2 

61.15 

3 

7 

40 

7 

12 

8.34 

61.15 

4 

8 

50 

8 

11 

8.76 

62 

5 

9 

80 

9 

10 

8.85 

65.4 

6 

10 

100 

10 

10 

8.9 

67.2 



Figure 5: Graph Shows the Variation of Current vs Leg 
Dimension for an Electrode Angle of 45°. 
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The welding joint is performed on the plates of thickness 4.98 mm and a T joint is formed as shown in Figure 6. 




Tee joint 

Figure 6: The T Joint, Welding Performed on Both Sides. 

The following table shows the leg dimension [7] of the T joint. Both horizontal and vertical leg dimensions were 
measured for an electrode angle of 30°. The graphical representation of Current with Horizontal and vertical leg dimension 
is shown in Figure 7. 


Table 2: For Welding Angle of 30°, T Joint on Both Sides, Tensile Strength - 52.3 N/mm 2 


S. No. 

Voltage 

Current 

RPM 

Time 

Leg Dimension 

Horizontal 

Vertical 

1 

5 

20 

5 

18 

1.96 

2.00 

2 

6 

30 

6 

15 

1.99 

2.02 

3 

7 

40 

7 

12 

2.13 

2.07 

4 

8 

50 

8 

11 

2.22 

2.13 

5 

9 

80 

9 

10 

2.32 

2.19 

6 

10 

100 

10 

10 

2.45 

2.25 


2.5 
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Figure 7: Graphical Representation Horizontal & Vertical Leg 
Dimensions, Welding Rod Angle 30°. 


The table shows the variation of voltage, current, rpm and time versus the leg dimensions in both horizontal 
and vertical faces of the T joint. The electrode angle plays a vital role, and the experiment is focused on the how the 
leg dimensions vary with respect to electrode angle and thus produces impact on tensile strength. The following table 
shows the leg dimension of the T joint. Both horizontal and vertical leg dimensions were measured for an electrode 
angle of 45°. 
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Table 3: For Welding Angle of 45°, T Joint on Both Sides, Tensile Strength - 48.9 N/mm 2 


S. No. 

Voltage 

Current 

RPM 

Time 

Leg Dimension 

Horizontal 

Vertical 

1 

5 

20 

5 

18 

1.98 

1.98 

2 

6 

30 

6 

15 

2.01 

2.01 

3 

7 

40 

7 

12 

2.23 

2.23 

4 

8 

50 

8 

11 

2.40 

2.40 

5 

9 

80 

9 

10 

2.48 

2.48 

6 

10 

100 

10 

10 

2.54 

2.54 


Electrode Angle - 45° 



Figure 8: Graphical Representation Horizontal & Vertical Leg 
Dimensions, Welding Rod Angle 45°. 


The graphical representation of the Leg dimensions with Current at an electrode angle of 45° is shown in Figure 8. 


The following table shows the leg dimension of the T joint. Both horizontal and vertical leg dimensions were 
measured for an electrode angle of 60°. 


Table 4: For Welding Angle of 60°, T Joint on both Sides, Tensile Strength - 46.5 N/mm 2 


S. No. 

Voltage 

Current 

RPM 

Time 

Leg Dimension 

Horizontal 

Vertical 

1 

5 

20 

5 

18 

2.10 

1.96 

2 

6 

30 

6 

15 

2.18 

1.94 

3 

7 

40 

7 

12 

2.25 

1.92 

4 

8 

50 

8 

11 

2.32 

1.90 

5 

9 

80 

9 

10 

2.40 

1.88 

6 

10 

100 

10 

10 

2.49 

1.86 



Figure 9: Graphical Representation Horizontal & Vertical Leg 
Dimensions, Welding Rod Angle 60°. 
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How the current varies with horizontal and vertical leg dimension is shown in Figure 9. Increase in voltage and 
current increases the heat input, which creates a space for defect, inferring reduction in mechanical properties. But in our 
experiment, as there is no significant increase in voltage, there is no significant change in yield strength. 

Effect of Electrode Angle on Weld Bead Width 

The RP mechanism allows the electrode to move at various angles. Using this method, it is discovered for the same set of 
current variations, how the weld bead varies and what is the effect of weld bead on weld performance. Using this 
mechanism, some of the results can be found out for the weld bead width for constant amperage, as shown in Figures from 
Figure 10 to Figure 12. Figure 13 shows the variation of weld bead width for variation of electrode angles for constant 
amperage. The tabular column and the figures during experimentation show various parameters with respect to constant 
current. Subsequently, the graph is drawn in the Figure 14 to illustrate the effects of electrode angle and current on weld 
bead. The electrode angle has an impact on the weld bead, which in turn infers the depth of penetration. So, electrode angle 
indirectly affects the quality of the weld. In the present experiment, only three (3) electrode angles and three (3) amperages 
are considered. 

The following figure shows how the weld bead looks for a constant set of current. 



Figure 10: The Variation of Weld Bead Width for Electrode 
Angle of 30°, 45°, & 60° for a Current of 20 Amps 



Figure 11: The Variation of Weld Bead Width for Electrode 
Angle of 30°, 45°, & 60° for a Current of 60 Amps 
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Figure 12: The Variation of Weld Bead Width for Electrode 
Angle of 30°, 45°, & 60° for a Current of 100 Amps 



Figure 13: The Variation of Weld Bead Width for 10, 50, and 
100 Amps Current for an Electrode Angle of 30° 


Table 5: Effect of Amperage AND Electrode Angle (EA) on the Weld Bead Width 


Amperage (Amps)/ 

Electrode Angle 

® 

o 

ro 

45° 

© 

o 

so 

20 

3.5 

3.54 

3.8 

60 

4.2 

4.33 

4.54 

100 

4.8 

5.0 

5.2 


Effect of Current on Weld Bead for various 
Electrode Angles 



0 20 40 60 BO 100 120 


Current (Amps) 


EA - 30 Deg 
EA - 43 Deg 
EA - 60 Deg 


Figure 14: The Figure Shows the Influence of Current on Weld Bead 
for Various Electrode Angles 
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CALCULATIONS 

The net heat supplied at the weld joint for welding speed of v=2 mm/sec, 
H req - 10J/mm 3 , f (heat transfer -0.98 
Melting Efficiency [8] can be calculated as shown below: 

H net — m J/s, 

V 

4 th Specimen for electrode angle of 45° 

H net _ 0.98 X 8X 50 = 196 j/ mm 
2 

Heat required for melting - 4x2x10 = 80 J/mm for 1 sec, 

Melting efficiency - Heat Re quired = ^ = 40.81 % 

Heat Supplied 196 


Table 6 


Electrode Angle(In degrees) 

C/S Area of the Joint(mm 2 ) 

Melting Efficiency 

30 

4.2 

42.85 

45 

4 

40.81 

60 

4.5 

45.91 


6 th Specimen for electrode angle of 45° 

Melting efficiency - Heat Re quired - 4 8 x 2 X 10 =40.81 % 

Heat Supplied q qo i n v o 


Table 7 


Electrode Angle( In degrees) 

C/S Area of the Joint (mm 2 ) 

Melting Efficiency 

30 

5.1 

42.85 

45 

4.8 

40.81 

60 

5.3 

45.91 


RESULTS & CONCLUSIONS 

This paper that is has dealt with an investigation on the effect of welding parameters on the weld bead and leg dimensions. 
Elongation & Brinell hardness Number were also found out for various specimens. The experimental values found were, 
Yield strength - 61.15 MPa, % Elongation - 3.1%, Brinell Hardness Number - 80 BHN on Mild Steel with thickness of 
4.89 mm. The graphical representation shows the weld leg dimensions, both in horizontal and vertical faces of a T joint, 
resulting for the welding angle of 45° to have equal flow of molten metal and thereby depth of penetration is uniform. 
Tensile strength is higher for welding angle of 30° as compared to the other two positions. Tensile strength is least for 
welding angle of 60° as compared to the other two positions. The Figure 15 shows the UTM testing machine finding the 
tensile strength of the T Joint. 

The calculations were done randomly for 4 th and 6 th specimen. It is concluded that melting efficiency is more for 
electrode angles of 30° & 60° as compared to 45°. But tensile strength of 45° electrode angles is more than 30° and 60° 
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electrode angle. Therefore, an optimum value has to be calculated for getting a high melting efficiency and high tensile 
strength. 

The weld bead width is found out for various combinations. The result obtained infers that the increase in 
current amperage increases the weld bead width. It also shows that the increase in electrode angle tends to increase 
the weld bead width. Figure 13 concludes that increase in amperage for the same electrode angle tends to increase the 
weld bead width. 



Figure 15: Tensile Test Conducted on UTM of a T Joint Specimen 

Further scope of the study includes the variation of travel speed electrode diameter, voltage, current, arc length, 
feed, welding process with different base metals. 
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